DTt  FILE  COPY  r=l  '9A-4/39' 


MEMORANDUM  REPORT  ARBRL-MR-03309 
(Supersedes  IMR  No.  760) 

r 

A  STRAIN-SONDE  TECHNIQUE  FOR  THE 
MEASUREMENT  OF  MECHANICAL  TIME- 
DELAY  FUZE  FUNCTION  TIMES  AND 
PERFORMANCE 


Wallace  H.  Clay 

September  1983 


l  ■  :  jV> 

\  OCT  1'  7 1883 

/ 

i 


US  ARMY  ARMAMENT  RESEARCH  AND  DEVELOPMENT  COMMAND 
BALLISTIC  RESEARCH  LABORATORY 

ABERDEEN  PROVING  GROUND.  MARYLAND 


Approved  for  public  release;  distribution  unlimited. 


83  io 


Destroy  this  report  when  it  is  no  longer  needed. 
Do  not  return  it  to  the  originator. 


Additional  copies  of  this  report  may  be  obtained 
from  the  National  Technical  Information  Service, 

U.  S.  Department  of  Commerce,  Springfield,  Virginia 


22161 


The  findings  in  this  report  are  not  to  be  construed  as 
an  official  Department  of  the  Army  position,  unless 
so  designated  by  other  authorized  documents. 


Th»  uaa  of  trod*  none  a  or  monufaoturara '  nan*  a  in  this  report- 
data  net  oonatituta  iruormament  of  any  aomnaroidl  product. 


REPORT  DOCUMENTATION  PAGE 


MEMORANDUM  REPORT  ARBRL-MR-03309 


4.  TITLE  fan*  SuBH'l*} 

A  STRAIN-SONDE  TECHNIQUE  FOR  THE  MEASUREMENT  OF 
MECHANICAL  TIME-DELAY  FUZE  FUNCTION  TIMES  AND 
PERFORMANCE 


7-  AUTHOR?*} 


BAD  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


RECIPIENT'S  CATALOG  NUMBER 


t.  TYPE  CF  REPORT  B  PERIOD  COVERED 


Final 


•  ■  PERFORMING  ORG.  REPORT  NUMBER 


S.  CONTRACT  OR  GRANT  NUMBER?*} 


Wallace  H.  Clay 


10.  PROGRAM  ELEMENT.  PROJECT.  TASK 
AREA  4  WORK  UNIT  NUMBERS 


a.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

U.S.  Army  Ballistic  Research  Laboratory 
ATTN:  DRSMC-BLL(A) 

Aberdeen  Proving  Ground,  MD  21005 


■  MONITORING  AGENCY  NAME  B  ADDRESS?!?  Bllfcran!  tram  CantnllhtM  OfNc*}  IS.  SECURITY  CLASS.  ?of  (M*  r*port} 


1L162618AH80 


II.  CONTROLLING  OFFICE  NAME  AND  ADDRESS  It.  REPORT  DATE 

US  Army  Armament  Research  &  Development  Command  September  1983 _ 

US  Army  Ballistic  Research  Laboratory  (DRDAR-BLA-S)  «*•  number  of  pages 
Aberdeen  Proving  Ground,  MD  21005 


Unclassified 


18*.  DECLASSIFICATION/OOWNORADIMG 
SCHEDULE 


#•  DISTRIBUTION  STATEMENT  fo!  Oil*  Rtpori) 


Approved  for  public  release;  distribution  unlimited. 


17.  DISTMIBUTION  STATEMENT  (ol  th*  ab*<r*c!  *n*uw 4  In  Bl»ck  30,  II  dllHnnl  from  Jtapott} 


IB.  SUPPLEMENTARY  NOTES 


This  report  supersedes  BRL  IMR  No.  760  dated  December  1982. 


If .  KEY  WORDS  fConUnu*  on  rmrmcmo  «lO  II  ntc««M(7  ond  Identity  by  block  nunbar) 

M577  Mechanical  Time-Delay  Fuze  FM/FM  Telemeter 

Interlock  Pin  Release  Semiconductor  Strain  Gage 

Rotor  Signal  Condition  Amplifier 

Firing  Pin  In-Flight  Measurement 

Trigger  Assembly-Escapement  Mechanism  Clock  Pulse 


SO*  ABSTRACT  rCMBua  mm  f  mw  «Mi  ft  iiMmay  mm3  Idmntity  by  block  mmbmc)  J  J  cJ)  j 

A  technique  has  been  developed  for  an  in-flight  measurement  of  function 
time  and  the  clock  rate  of  the  M577  mechanical  time-delay  fuze.  A  full -bridge, 
semiconductor  strain  gage  is  bonded  to  the  projectile  ogive  in  the  vicinity  of 
the  fuze  well.  The  output  of  the  strain-gage  bridge  is  conditioned  by  a  high- 
gain,  wide  frequency  bandwidth  amplifier  and  telemetered  to  a  ground  receiving 
station  using  an  FM/FM  telemetry  package  aboard  the  projectile. 

(Continued) 


I  JAM  7S  Mfj  COITION  OF  I  NOV  SS  IS  OBSOLETE 


_ UNCLASSIFIED _ 

SECURITY  CLASSIFICATION  OF  THIS  PAGE  fWP*«  DM*  En»er*i!} 


191 3 


jjegWTY  CLASSIFICATION  OF  THI»  PAOSfSW  Of  «WDW< 

Block  20 -  ABSTRACT  (Continued): 

The  strain-sonde  Is  sensitive  enough  to  respond  to  the  escapement  mechanism 
In  the  timer  of  the  M577  fuze.  The  response  Is  In  the  form  of  a  train  of  high- 
frequency  pulses  from  strain-sonde.  The  repetitive  rate  of  the  pulse  train 
co  responds  to  the  "tlc-toc"  or  clock  rate  of  the  fuze.  The  frequency  content 
of  each  pulse  depends  upon  projectile  and  fuze  configuration;  but,  generally, 
frequency  components  of  approximately  lKhz,  4Khz,  and  up  to  8Khz  have  been 
measured  In  conjunction  with  an  M509  projectile.  The  signal -to-nolse  ratio  of 
the  voltage  signal  from  the  strain-sonde  varies  from  2:1  to  4:1  but  Is  suffi¬ 
cient  to  obtain  an  accurate  measurement  of  the  M577's  clock  rate.  The  strain- 
sonde  also  detects  other  mechanical  events  or  operations  associated  with  the 
fuze.  For  example,  with  the  M577  fuze,  the  arming  mechanism  Is  detected,  the 
motion  of  the  rotor  In  the  safe-sensing  device  Is  detected,  and  the  operation 
of  the  firing  pin  Is  detected.  The  ability  to  detect  all  of  these  events  with 
the  fuze  strain-sonde  allows  the  complete  operational  sequence  of  the  fuze  to 
be  monitored  and  measured  under  real  flight  conditions.  Clock  rates,  arming 
times,  and  function  times  can  be  checked.  The  technique  was  used  In  firing 
tests  at  the  Aberdeen  Proving  Ground  In  June  1980  and  September  1982. 

The  strain-sonde  technique  described  here  should  be  adaptable  to  any 
mechanical  fuze  system  where  event  sensing  of  a  mechanical  action,  such  as 
fuze  arming  or  firing  pin  action.  Is  required. 


_ UNCLASSIFIED _ 

SKCURITV  CLASSIFICATION  OF  THIS  PACCf»»t»n  Data  Bnfr»d) 


L- 


TABLE  OF  CONTENTS 


LIST  OF  ILLUSTRATIONS  . 

INTRODUCTION  . 

M577  MECHANICAL  TIME-DELAY  FjZE  . 

STRAIN-GAGE  TRANSDUCER  AND  TELEMETRY  SYSTEM  .  .  . 

TEST  RESULTS  . 

CONCLUSION  . 

DISTRIBUTION  LIST  . 


LIST  OF  ILLUSTRATIONS 


Figure  Page 

1.  Strain-Gage  Amplifier  Circuit  .  .  11 

2.  Schematic  of  the  Telemeter  Circuit  .  12 


3. 


4. 


5. 


6. 


7. 


8. 


9. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


Strain-Gage  Signals  In  Response  to  Timer  Clock 
Mechanisms  (Gyroscope  Data)  .  13 

Strain-Gage  Signal  In  Response  to  Interlock  Pin  Release 
and  to  Rotor  Mechanism  (Gyroscope  Data)  .  14 

Strain-Gage  Signal  In  Response  to  Rotor  Motion 
and  Rotor  Lock  Mechanism  (Gyroscope  Data)  .  ,  .  15 

Strain-Gage  Signal  In  Response  to  Release  of  Firing  Pin 
Mechanism  (Gyroscope  Data) . . . 16 

Typical  Timer  Clock  Pulses  for  BRL  1709  (June  1980)  .  17 

Interlock  Pin  Release  Pulse  and  Rotor  Pulses  for  BRL  1709 
(0  time  -  Tq  +  50.95  seconds)  (June  1980)  .  18 

Rotor  Pulses  and  Rotor  Lock  Pulse  for  BRL  1709 
(0  time  *  Tq  +  51.33  seconds)  (June  1980)  .  19 

Firing  Pin  Pulse  for  BRL  1709  (0  time  *  T  +  55.08  seconds) 

(June  1980) . 0 . .  20 


Interlock  Pin  Release  Pulse  and  a  Few  Rotor  Pulses  for 
BRL  1710  (0  time  3  T  +  50.670  seconds)  (Note  Start/Stop 
of  Rotor) . T . 

Firing  Pin  Pulse  Followed  by  Rotor  Pulses  for  BRL  1710 
(0  time  *  Tq  +  54.917  seconds)  (June  1980)  . 

Rotor  Stop  Pulse  for  BRL  1710  (0  time  3  TQ  +  55.332  seconds) 
(Rotor  stop  occurs  after  relcs.®  of  firing  pin)  (June  1980)  . 

Interlock  Pin  Release  Pulse  (Rotor  Start)  and  Rotor  Lock 
Pulse  for  BRL  1788  (September  1982)  (0  time  =  T  +  39.93 
seconds)  . 

Firing  Pin  and  Detonator  Function  Pulse  for  BRL  1788 
(September  1982)  (0  time  3  T0  +  39.93  seconds)  . 

lyplcal  Timer  Clock  Pulses  for  BRL  1710  (September  1982)  .  .  . 


21 

22 


23 


24 

25 

26 


5 


rraavivmw&^*v»vciiCii  <r\.*  <■ 


V  <"  %1  v  V'V  V.MT.V'O  *  O  -V  '-T 


I.  INTRODUCTION 


A  technique  for  making  In-flight  measurements  of  the  clock  rate  of  an 
N577  mechanical  time-delay  fuze  and  for  the  measurement  of  major  event  times 
of  the  HS77  fuze  has  been  developed  at  the  Ballistic  Research  Laboratory. 

The  technique  consists  of  using  a  strain-gage  transducer  mounted  on  the 
fuze  or  the  ogive  of  the  projectile  to  sense  the  mechanical  motions  associated 
with  the  escapement  mechanism  In  the  fuze  timer  assembly*  safety  and  arming 
device  (called  the  safe  separation  device  or  SSD),  and  trigger  assembly  of  the 
fuze  which  contains  a  firing  pin  and  restraining  devices.  All  of  the  above 
motions  Involve  the  movement  of  metal  parts  via  escapement  mechanisms  or  of 
metal  parts  striking  metal  parts.  They  all  produce  an  Impulse  to  the  fuze 
structure  and,  hence,  to  the  ogive  of  the  projectile  containing  the  ?uze.  The 
strain-gage  transducer  Is  used  to  detect  the  response  of  the  structure  upon 
which  It  Is  mounted.  The  signals  produced  by  the  strain-gage  are  filtered, 
amplified,  and  transmitted  to  a  ground  receiving  station  via  an  FM/FM  tele¬ 
meter  on  board  the  projectile. 


II.  M577  MECHANICAL  TIME-DELAY  FUZE 

There  are  three  basic  mechanisms  In  the  M577  fuze  which  determine  Its 
operation.  The  first  Is  the  timer  assembly  which  Incudes  a  main  spring  and 
an  escapement  mechanism.  The  timer  assembly  Is  responsible  for  the  basic 
timed  operation  of  the  fuze  with  the  escapement  mechanism  operating  at  a  rate 
of  80.7  hertz.  The  rate  of  the  timer  Is  one  of  the  parameters  to  be  measured 
In  the  In-flight  tests.  The  second  major  assembly  of  the  fuze  Is  the  trigger 
assembly.  The  trigger  assembly  contains  an  arm  (called  the  trigger  arm)  that 
rides  In  a  spiral  scroll  contained  In  the  base  of  the  timer  assembly.  When 
the  timer  is  operating,  the  scroll  rotates, causing  the  trigger  arm  to  move 
radially  outward.  The  trigger  assembly  also  contains  a  "catch"  that  acts  as  a 
constraint  for  an  Interlock  pin  between  the  trigger  assembly  and  the  third 
major  component  of  the  fuze,  the  safe  separation  device  or  SSD.  The  SSD  is 
used  as  a  safe  and  arming  device.  It  contains  a  rotor  which  Is  an  arm  with  a 
mass  on  one  end  and  a  detonator  cup  on  the  other.  In  the  safe  position,  the 
detonator  cup  s  offset  from  the  spin  axis  of  the  fuze.  Centripetal  forces 
due  to  the  spinning  motion  of  the  projectile  act  on  the  rotor  to  rotate  the 
detonator  Into  position  along  the  axis  of  the  fuze  end,  directly  below  the 
firing  pin  In  the  base  of  the  trigger  assembly.  This  rotation  Is  prevented 
from  taking  place  by  the  Interlock  pin  between  the  SSD  and  the  trigger  assem¬ 
bly.  At  3.5  to  4.0  seconds  before  the  preset  function  time,  the  Interlock  pin 
is  released  (a  major  event)  and  the  rotor  rotates  the  detonator  into  position 
and  locks  In  place  (another  major  event).  This  action  takes  about  0.4  second. 
At  Its  completion  the  fuze  Is  armed.  The  final  major  event  is  the  release  of 
the  firing  pin. 

The  goal  of  the  In-flight  measurement, then, Is  to  detect  the  motion  of  the 
escapement  mechanism  In  the  timer  assembly  to  obtain  clock  rates  and  to  detect 
the  times  and  sequence  of  occurrence  of  all  the  major  events  mentioned  above. 
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III.  STRAIN-GAGE  TRANSDUCER  AND  TELEMETRY  SYSTEM 


The  technique  developed  to  make  In-flight  measurements  on  the  M577  fuze 
Is  to  mount  a  strain-gage  transducer  somewhere  on  the  fuze  or  projectile  ogive 
and  to  amplify  the  straln-gege  signals  with  a  high-gain,  wl de-bandwidth  ampli¬ 
fier.  The  amplifier  output  signals  are  transmitted  to  a  ground  receiving 
station  via  a  standard  FM/FM  telemeter. 

The  gage  cMsen  was  a  high  gage  factor  (g.f.  ■  155)  semiconductor  strain- 
gage  mounted  on  a  1/4-1 nch  by  3/8-1nch  substrate.  The  gage  elements  are  In  a 
full-bridge  configuration,  chosen  to  provide  maximum  signals  from  the  struc¬ 
tural  response  of  ogive/fuze  to  the  fuze  mechanisms.  Flight  tests  have  been 
made  with  the  strain-gage  mounted  In  two  different  locations.  Tests  conducted 
In  1980  had  the  strain-gage  patch  mounted  on  the  Inside  of  the  windshield  of 
the  fuze.  This  had  the  advantage  of  being  relatively  close  to  the  mechanisms 
but  also  had  the  disadvantage  that  the  fuze  had  to  be  modified  to  make  the 
measurements.  A  more  recent  test  conducted  In  August  and  September  of  1982 
had  the  strain-gage  mounted  on  the  Inside  of  the  ogive  of  the  M509  8-1 nch 
projectile.  Thus,  production  lot  fuzes  could  be  used  without  modification. 
Unfortunately,  the  gage  was  more  remote  to  the  fuze  mechanisms  that  were  to  be 
detected.  Results  from  both  of  these  configurations  will  be  presented  later. 

Figure  1  shows  a  schematic  of  the  amplifier  circuit  used  on  all  tests  to 
condition  the  strain-gage  outputs.  The  circuit  consists  of  a  multistage 
amplifier  with  a  gain  from  13,000  to  15,000  and  a  response  flat  from  1,000  hz 
to  greater  than  25  kilohertz.  The  high  gain  was  needed  to  detect  the  response 
to  the  clock  escapement  mechanism.  Likewise,  the  wide  frequency  bandwidth  was 
needed  because  of  the  Impulsive  nature  of  the  various  mechanisms  being  detec¬ 
ted.  The  signals  from  the  strain-gage  bridge  are  high-pass  filtered  ct  about 
1,000  hertz  In  order  to  prevent  the  amplifier  circuit  from  being  overwhelmed 
by  the  response  strain-gage  to  aerodynamic  forces  acting  rn  the  projectile. 
These  responses  occur  at  the  spin-rate  of  the  projectile  (100-200  hz)  and  from 
past  experience  saturate  the  high  gain  amplifiers.  A  subcarrler-osclllator 
operating  at  240  kilohertz  and  a  transmitter  operating  at  a  frequency  of  1,520 
megahertz  was  used  to  telemeter  the  strain-gage  signals.  The  frequency  band¬ 
width  of  the  subcarrier  oscillator  Is  greater  than  10  kilohertz.  Figure  2 
shows  a  block  diagram  of  the  telemeter  circuit.  A  yawsor.de  channel  was  In¬ 
cluded  In  all  flight  tests. 


IV.  TEST  RESULTS 

Preliminary  tests  of  the  measurement  technique  were  made  In  the  labora¬ 
tory  using  an  M577  fuze  mounted  on  a  fixture  In  a  gyroscope.  The  gyroscope 
was  made  to  spin  at  rates  In  excess  of  30  rps  In  order  to  start  the  fuze 
operation.  The  fuzes  were  modified  to  defeat  the  set-back  force  mechanisms. 
The  gyroscope  package  Included  a  telemeter  to  transmit  data  to  a  remote  re¬ 
ceiving  station.  Figures  3-5  show  some  waveforms  obtained  by  this  technique 
with  the  gyroscope.  Figure  3  is  a  plot  of  the  response  of  the  system  to  the 
clock  escapement  mechanism  in  the  timer  assembly.  The  signal -to -noise  ratio 
(clock  pulse  amplitude  to  base-line  noise)  Is  about  3:1  which  Is  sufficient  to 
make  a  determination  of  clock  rate.  Figure  4  Illustrates  the  response  to  the 
release  of  the  Interlock  pin  which  occurs  at  the  Initiation  of  fuze  arming. 


Note  the  pulses  produced  by  the  escapement  mechanism  In  the  SSD  device  Indica¬ 
ting  that  the  rotor  Is  moving  the  detonator  cup  Into  position.  Figure  5  shows 
the  Impulse  produced  by  the  rotor  locking  into  position.  Figure  6  shows  the 
response  to  the  release  of  the  firing  pin.  The  fuze  did  not  contain  a  live 
detonator  for  these  tests.  The  results  of  the  gyroscope  tests  showed  that  the 
technique  could  be  used  to  characterize  the  behavior  of  the  M577  fuze.  In¬ 
deed,  the  measurement  technique  produced  a  recognizable  signature  of  events 
occurring  during  the  operation  cycle  of  the  fuze. 

Flight  tests  were  made  with  the  M577  fuze  on  an  M509  8-1nch  projectile  In 
June  1980 1  and  again  In  August-September  1982.  The  major  differences  between 
the  two  series  of  tests  was  the  location  of  the  strain-gage.  In  the  1980 
tests  the  strain-gage  was  mounted  on  the  Inside  of  the  windshield  of  the  M577 
fuze.  In  the  1982  tests  the  strain-gage  was  mounted  on  the  Inside  of  the 
ogive  of  the  M509  projectile  and  production  lot  fuzes  were  used.  Figure  7 
shows  some  typical  clock  pulses  obtained  for  Round  BRL-1703  fired  In  the  1980 
tests.  This  plot  shows  a  signal -noise-ratio  of  about  4:1  making  the  determin¬ 
ation  of  clock  rate  quite  easy.  (The  clock  rate  was  determined  by  making  time 
interval  measurements  between  clock  pulses.)  Figures  8  and  9  show  the  pulses 
produced  by  the  rotor  start  and  stop  motions  In  the  SSD.  Notice  that  the 
motion  of  the  escapement  mechanism  Is  evident  from  the  higher  amplitude  pulses 
between  rotor  start  (Figure  8)  and  rotor  lock  (Figure  9).  Figure  10  shows  a 
pulse  occurring  at  the  set  function  time  due  to  the  release  of  the  firing 
pin.  Oompare  Figures  8  and  9  with  Figures  11  and  12.  Figure  11  is  a  plot  of 
the  pulse  produced  by  the  int&rlock  pin  release  at  about  4.0  seconds  before 
function  time  (for  Round  BRL-1710).  Notice  that  the  rotor  In  the  SSD  device 
started  to  move  and  then  stopped.  Figure  12  shows  a  pulse  occurring  at  the 
function  time  set  for  this  round  (BRL-1710).  The  time  of  occurrence  of  this 
pulse  and  the  nature  of  the  pulse  Itself  indicates  that  it  Is  produ  *  by  the 
release  of  the  firing  pin.  These  rounds  did  not  have  live  detonators.  Peri¬ 
odic  pulses  occur  after  the  firing  pin  pulse  shown  in  Figure  12.  These  pulses 

are  produced  by  the  motion  of  the  rotor  In  the  SSD.  The  results  Indicate  that 
the  fuze  for  Round  BRL-1709  functioned  correctly  in  all  respects.  The  times 
of  occurrences  of  alt  the  events  were  correct.  However,  while  the  times  of 
occurrences  of  the  Interlock  pin  release  and  the  firing  pin  release  were 

correct  for  Round  BRL-1710,  the  fuze  did  not  arm  Itself  correctly.  That  Is, 

the  rotor  started  but  then  stopped  for  some  reason  and  did  not  continue  until 
It  was  jarred  loose  by  the  release  of  the  firing  pin.  Figure  13  shows  a  large 
pulse  that  occurs  after  the  firing  pin  releases  and  probably  results  from  the 
detonator  cup  striking  the  firing  pin.  This  fuze  would  probably  have  been  a 
dud  with  a  live  detonator. 

The  results  obtained  from  the  more  recent  tests  In  1982  are  shown  In 
Figures  14-16.  Figure  14  shows  both  the  Interlock  pin  release  pulse  (rotor 
start)  and  the  rotor  lock  pulse  for  Round  BRl-1788.  The  times  of  occurrence 
of  these  pulses  are  correct  as  is  the  time  for  the  firing  pin  pulse  shown  in 
Figure  15.  The  fuzes  used  i  '  the  1982  tests  had  live  detonators.  Detonator 


I.  Vallaoe  H .  Clay  and  James  B.  Harmon,  "Telemetry  Test  Results  With  the 

MS09/MS77  Projeotile/Fwie  System,  "  Ballietio  Research  Laboratory  Memoran¬ 
dum  Report  ARBRL-MR-031 8  7,  July  1982  (AD  B06S  740). 


9 


functions  am  seen  In  the  durations  of  the  firing  pin  pulses  at  the  set  func¬ 
tion  time.  The  duration  of  the  pulse  resulting  from  the  release  of  the  firing 
pin  and  subsequent  functioning  of  the  detonator  Is  about  100  milliseconds 
compared  to  10-20  milliseconds  resulting  from  the  release  of  the  firing  pin 
alone. (See  Figure  10.)  These  data  are  typical  for  the  recent  tests  fired  in 
1982.  Ml  of  the  fuzes  functioned  properly  In  this  test  series.  A  plot  of 
some  typical  clock  pulses  produced  by  the  timer  mechanism  Is  shown  In  Figure 
16.  It  Is  clear  that  the  response  of  the  measurement  system  to  the  escapement 
mechanism  In  the  timer  assembly  Is  worse  In  the  second  series  than  In  the 
earlier  series.  This  Is  due  In  part  to  the  fact  that  the  strain-gage  patch  Is 
located  further  from  the  fuze  assembly.  It  Is  also  the  result  cf  the  fact 
that  production  lot  fuzes  were  used  In  the  1982  tests.  The  production  lot 
fuzes  have  a  silicone  type  sealant  applied  to  the  threads  of  the  windshield  of 
the  fuze  which  further  Isolates  the  fuze  from  the  strain-gage. 


V.  CONCLUSION 

The  results  obtained  In  two  series  of  tests  show  that  the  strain-gage 
technique  described  In  this  paper  can  be  successfully  used  to  characterize  and 
determine  the  behavior  of  the  M57?  time  delay  fuze  In-flight.  The  detection 
of  timed  events  can  be  made  even  with  the  strain-gage  located  on  the  ogive  of 
the  projectile  being  tested.  Further  work  Is  needed  tc  improve  the  signal - 
noise-ratio  of  the  pulses  produced  by  the  clock  mechanism  for  the  case  where 
the  strain-gage  Is  located  on  the  ogive  and  not  on  the  fuze  Itself. 

It  should  be  clear  that  the  technique  described  In  this  paper  can  be 
applied  to  systems  other  than  the  H577  fuze.  Indeed,  It  can  be  used  and 
adapted  to  any  system  or  fuze  which  Involves  the  detection  of  the  motion  of 
mechanical  parts. 


Time  (milliseconds) 

Figure  3.  Strain-Gage  Signals  In  Response  to  Timer  Clock  Mechanisms  (Gyroscope  Data) 


Figure  4.  Strain-Gage  Signal  In  Response  to  Interlock  Pin 
Release  and  to  Rotor  Mechanism  (Gyroscope  Data) 
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Figure  5.  Strain-Gage  Signal  in  Response  to  Rotor  Motion 
and  Rotor  Lock  Mechanism  (Gyroscope  Data) 


M577  FUZE  R2;  29  OCT  1979 


BRL1709  TYP1CRL  CLOCK  PULSES 


Figure  10.  Firing  Pin  Pulse  for  BRL  1709  (0  tine  -  T0  +  55.08  seconds)  (June  1980) 


BRL  1710  ROTOR  START/STCP 


BRL  1710 


Figure  15.  Firing  Pin  and  Detonator  Function  Pulse  for  BRL  1788 
(September  1982)  (0  time  *  T +  39.93  seconds) 
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